Robust joining approaches for silicon carbide ceramics are critically needed to fabricate leak free joints with high temperature mechanical capability. In this study, titanium foils and physical vapor deposited (PVD) titanium coatings were used to form diffusion bonds between SiC ceramics using hot pressing. Silicon carbide substrate materials used for bonding include sintered SiC and two types of CVD SiC. Microscopy results show the formation of well adhered diffusion bonds. The bond strengths as determined from pull tests are on the order of several ksi, which is much higher than required for a proposed application. Microprobe results show the distribution of silicon, carbon, titanium, and other minor elements across the diffusion bond. Compositions of several phases formed in the joint region were identified. Potential issues of material compatibility and optimal bond formation will also be discussed.
Key Technologies:
• Bonding of SiC to SiC
• Brazing of SiC to Metallic (Kovar) Fuel Tubes
SiC laminates can be used to create intricate and interlaced passages to speed up fuel-air mixing to allow lean-burning, ultra-low emissions.
Benefits of Laminated Plates -Passages of any shape can be created to allow for multiple fuel circuits -Provides thermal protection of the fuel to prevent choking -Low cost fabrication of modules with complicated internal geometries through chemical etching SiC and Ti Material Combinations:
1. 1.75" diameter α-SiC (CRYSTAR from Saint-Gobain) disks joined with a 1.5 mil (38 micron) foil 2. 1.75" diameter CVD SiC (TREX Enterprises) disks joined with a 1.5 mil (38 micron) foil 3. 1" x 2" CVD SiC (Rohm & Hass) coupons joined with ~10 micron PVD Ti coating on one of the surfaces 4. 1" x 2" CVD SiC (Rohm & Hass) coupons joined with a 1.5 mil (38 micron) foil 5. 1" x 2" CVD SiC (Rohm & Hass) coupons joined with ~10 micron PVD Ti coating on both of the surfaces Microcracks are present in bonds formed with the Ti foil.
Cracks are submicron.
No microcracks in bonds formed with the PVD Ti interlayer. Debonding was observed in the material combination of Ti foil and CVD SiC. In all cases that the Ti foil was used as the interlayer, microcracking was observed. Minimal microcracking was observed when a PVD Ti interlayer was used. Well reacted diffusion bond formed when the thickness of the PVD Ti interlayer was doubled. Microcracking may be due to the formation of two detrimental phases:
Effects-Slide 2 -Effect of

Microprobe of α-SiC
• Phase B Ti 5 Si 3 C X -Ti 5 Si 3 if highly anisotropic in its thermal expansion where CTE(c)/CTE(a) = 2.72 (Schneibel et al).
• Phase E -Ti 3 Al has low ductility at low temperatures. Al can be in the range of 23-35 atm % (Djanarthany et al).
Both phases can contribute to thermal stresses and microcracking during cool down. The injector application requires a strength of about 3.45-6.89 MPa (0.5 -1.0 ksi).
Microprobe of TREX CVD SiC Reaction Bonded Using Ti
The new 1" sample design (partially coated disks) will allow for stresses of 62 MPa (9 ksi) to be applied (due to a large adhesive/pull area compared to the diffusion bond area).
Summary and Conclusions
• A robust method of bonding SiC to SiC has been developed and optimized.
• Diffusion bonds fabricated with the alloyed Ti foil as the interlayer formed microcracks due to the formation of thermally anisotropic and low ductility phases.
• Diffusion bonds fabricated with the PVD Ti coating gave better diffusion bonds than the alloyed Ti foils
• Bonds were uniform with no delaminations.
• Preferred phases were formed which resulted in bonds without microcracks.
• The currently planned sub-element tests will further evaluate this bonding method to determine if it is fully capable of meeting the needs of the proposed injector application -uniform, leak-free bonds with stability and strength retention at temperatures up to 800˚F.
